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ISO/OECD has stated that the existing chemical 
testing cabinet is sufficient for testing of nanomaterials 
but might undergo nano-specific adaptations. 
The Lemna growth inhibition test (OECD 221) is a 
standardised macrophyte biotest and is used for 
assessing chemicals and environmental samples. The 
test is easy to analyse even with coloured test items.
Natural organic matter occurs in a wide concentration 
range. According to Hyung et al. (2007, 2008) we use 
dissolved organic carbon (DOC) for stabilising our 
dispersions. 
Lemna Growth Inhibition Test
(OECD 221, 2006) with Lemna minor
Carbon Nanotubes (CNT)
- Baytubes® C150P (>95% purity, <1%Co)
- Baytubes® C150HP (>99% purity)
- stock dispersions
0.02 – 20 mg / 20 mL in Millipore
Ultrasonication with a Microtip in an ice bath 
(2 x 5 min, 0.2 sec pulse + 0.8 sec pause)
Dissolved Organic Carbon (DOC) from 
- ground peat
- Aldrich Humic Acid (AHA)
 TOC analysis 
Test concentrations
- CNT: 0,01; 0,1; 1,0; 10; 100 mg/L
- • 3 mg DOC/L and • 6 mg DOC/L
(nominal TOC concentrations)
- controls: Steinberg medium
DOC (• 3 and • 6 mg/L)  
3 mg 
DOC/L
6 mg 
DOC/L
Orig. peat
extract
CNT concentrations in 3 mgDOC/L
10mg/L 100mg/L1mg/L
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Lemna roots are slightly covered with CNT agglomerates in 10 mg CNT/L and heavy covered in 100 mg CNT/L. 
With 100 mg CNT/L Lemna minor shows chlorotic fronds.
Cobalt concentrations are less than 5 µg/L in Baytubes® C150P and even lower in Baytubes® C150HP. EC50 (Co(II)) = 15,7 mg/L (Ince et al. 1999).
All tests fullfill the OECD validity criteria.
Tested DOC concentrations have no significant effect on the relative inhibition of growth rate (frond number) in L. minor , neither from peat nor from AHA.  
Introduction
CarboSafe is part of Inno.CNT and is funded by the German Federal Ministry of Education and Research ( www.inno-cnt.de )
Does it matter?
Results
Material & Method
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Statistical analysis with ToxRat® v 2.10.03
Statistical analysis with SPSS Statistics v 17.0.0
 100 mg/L Baytubes ® C150P and C150HP do not cause more than 30% effect on the growth rate
inhibition (frond No) together with DOC from peat or AHA.
 p-p-3, hp-a-3 and hp-a-6 show no significant effect. 
 p-a-6 shows significant effects on Lemna growth with 10 and 100 mg CNT/L. 
 p-p-6, p-a-3, hp-p-3 and hp-p-6 show significant effects with 100 mg CNT/L.
 Cobalt and DOC concentrations show no effects on growth rate.
 Growth rate of Lemna is only inhibited at high CNT concentrations (100 mg/L); PEC estimates of
CNT are orders of magnitude lower (< µg/L; Gottschalk et al. 2009).
 Concentration and type of Baytubes® in particular and Baytubes® in combination with DOC source
and DOC concentration have significant effects on Lemna growth rate. 
Data is presented as  3 mg DOC/L and  6 mg DOC/L test data.
Conclusions
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